Most biological processes are catalysed by means of enzymes and study of these in health and disease is important for our understanding of both biology and disturbed function. The glutathione S-transferases (GST:E.C.2.5. In humans the cytosolic GST isoenzymes are dimeric and can be subdivided on the basis of their physicochemical and immunological properties into three major groups, namely pi, alpha, and mu class GST (Table6). In humans two immunologically distinct subunits of the alpha class GST have been named B1 and B2. A fourth GST isoenzyme has recently been identified in the liver and has been purified from the microsomal subcellular fraction. By contrast with the cytosolic enzymes, the microsomal GST is trimeric containing subunits with a molecular mass of 17 000 kDa.78
Glutathione S-transferase in humans in health and disease P C Hayes, I A D Bouchier, G J Beckett Most biological processes are catalysed by means of enzymes and study of these in health and disease is important for our understanding of both biology and disturbed function. The glutathione S-transferases (GST:E.C.2.5.1.18) are a complex multigene family of enzymes that are widely distributed in the animal kingdom.' These enzymes possess many biological functions, the most important of which is detoxification, conjugating reduced glutathione with a large number of electrophiles.2 Such conjugation reactions result in the synthesis of mercapturic acids and represent an important excretory route for xenobiotics including carcinogens, toxins, and drugs.' As well as being concerned in the metabolism of xenobiotics, GST are involved in the metabolism of endogenous substances such as leukotriene A4 and prostaglandin A1.3 GST are also involved in non-substrate binding to such substances as bilirubin and bile acids and have an important role in hepatic anion transport. Several GST isoenzymes possess selenium-independent glutathione peroxidase activity with certain organic hydroperoxides such as linoleic and arachidonic hydroperoxide but not with hydrogen peroxide .5 In humans the cytosolic GST isoenzymes are dimeric and can be subdivided on the basis of their physicochemical and immunological properties into three major groups, namely pi, alpha, and mu class GST (Table6). In humans two immunologically distinct subunits of the alpha class GST have been named B1 and B2. A fourth GST isoenzyme has recently been identified in the liver and has been purified from the microsomal subcellular fraction. By contrast with the cytosolic enzymes, the microsomal GST is trimeric containing subunits with a molecular mass of 17 000 kDa. 78 In this review we concentrate on the distribution of these GST isoenzymes in various human tissues in both health and disease. We also discuss the value of measuring GST isoenzymes in plasma as a means ofidentifying tissue damage and neoplasia. 10 September 1990
Tissue distribution of GST isoenzymes Alpha class GST have been shown to be the predominant isoenzymes in human hepatocytes with the microsomal and mu class GST present in small quantities.9 Mu class GST is subject to polymorphism and, in the Scottish population only about 55% of individuals express this GST class.`' Pi class GST in the adult human liver is only expressed in the biliary epithelium. Why pi class GST is expressed so strongly in biliary epithelium including the gall bladder is unclear, but large quantities of this isoenzyme can be identified in human bile. " In most hepatocellular carcinomas alpha class GST are expressed, whereas pi class GST is the predominant enzyme in cholangiocarcinoma. 12 The heterogeneity of GST isoenzyme distribution has also been shown in small bowel epithelium. Pi and mu class GST are present in cells lining both the villi and crypts, whereas alpha class GST has only been identified in the epithelium of villi and microsomal GST only in cells lining the intestinal crypts. 9 In the colon, both pi and mu class GST (the latter in 50% only) are present in the epithelium, whereas alpha class and microsomal GST are absent. Overexpression of pi class GST in carcinoma of the colon has been reported while expression of the other isoenzymes is variable.Ì n the pancreas, pi class GST has been identified in the centroacinar cells and ducts but not in the exocrine acini nor in the islets of Langerhans. 14 GST measurements in plasma as markers of disease The GST isoenzymes catalyse the conjugation of glutathione to a wide range of compounds of which 1-chloro-2-4-dinitrobenzene is most frequently used as the substrate to measure the activity of human GST.'8 There are, however, several problems associated with activity measurements. Firstly, normal plasma activity is low and a precise measurement of activity is difficult to achieve.'9 Secondly, the GST binds a number of anions such as bile salts and bilirubin which inhibit enzymic activity. 20 In liver disease, when high plasma concentrations of these anions occur the activity of the GST released from the hepatocyte into plasma is inhibited thus decreasing the clinical sensitivity of the test. Another major problem with activity measurements is their poor organ specificity because the various substrates do not allow the isoenzymes of GST to be differentiated. Because of these problems assays of plasma or serum GST based on activity measurements have proved to be of little clinical value.'921 Immunoassays have been described that allow the precise and specific measurement of each of the three cytosolic classes of GST22-1 and also the measurement of individual GST subunits within a class such as the B1 and B2 subunits which comprise the alpha class GST. observed when healthy volunteers, with a modest alcohol intake, were given the same acute alcohol load. Although as a group the heavy drinkers produced a rise in B after alcohol ingestion, some showed no significant change in B 1. These observations suggest that the measurement of plasma B1 in response to an alcohol load may be a predictor of the sensitivity of an individual to alcohol induced liver damage.
(iv) Halothane anaesthesia Halothane anaesthesia may be followed by unexplained hepatitis that may be mild or severe. The more severe form (type 2) has a 20-50% mortality but the nature of the mechanism and predisposing factors that relate to type 2 halothane hepatitis remain unclear, although hypersensitivity and familial constitutional susceptibility have been implicated. The polymorphic GST-mu and its relation to malignancy is important. It has been claimed that smokers who lack GST-mu are more susceptible to developing carcinoma of the lung compared with smokers who express the enzyme. This relation, however, only seems to hold true for adenocarcinoma of the lung. 5 The changes in GST expression that occur in malignancy have resulted in the use of GST measurements as tumour markers.
GST-pi measurements in malignancy PLASMA GST MEASUREMENTS Two studies suggest that the serum concentrations of GST-pi are increased in a wide range of malignant growths including gastric, oesophageal, colonic, pancreatic, and hepatobiliary cancers. In contrast, few abnormalities in serum GST-pi are found in patients with lung or breast cancer.2526 Recently, however, a serious methodological problem has been identified with serum GST-pi measurements following the observation in healthy subjects that, in the clotting process, large quantities of GST-pi are released from platelets.6' These findings cast doubt on the results from previous studies that used serum and show that only plasma should be used.
Using plasma obtained under strict sampling conditions, we have shown that plasma GST-pi concentrations are raised in patients with lung cancer, particularly in adenocarcinoma of the lung.6' We have found that plasma GST-pi is raised in a high proportion of patients with gastrointestinal malignant growths, particularly if there are metastases (unpublished observation).
We conclude that serological measurements of GST-pi show promise as a tumour marker for hepatobiliary and gastrointestinal malignant tumours but earlier studies must be repeated using plasma. It is unlikely, however, that even with strict sampling conditions GST-pi measurements will find a wide role in diagnosis of malignant disease because the ubiquitous nature of the enzyme suggests that it may be raised in a variety of diseases and, indeed, raised concentrations are often found in benign liver disease. 25 The use of radioimmunoassay has enabled different GST isoenzymes to be measured in body fluids. Particularly, in situations where acute liver damage occurs, assays for GST-B1 show high sensitivity compared with transaminase estimation. The major limitation to its widespread use is the length of time needed for performance of the assay and until this is overcome it will remain primarily a research tool. 
